Introduction
The prevalence of abdominal aortic aneurysm (AAA) is estimated at 3% of the male population above 50, and is the cause of 2% of deaths in men over the age of 65 years [1] [2] [3] [4] . When AAA is identified and the patient operated on before rupture, the mortality rate is approximately 5%, the cause of death generally resulting from cardiac complications 5 . Unfortunately when AAA is operated on an emergency basis (due to rupture), the mortality rate is at least 50%. In this case, multiple organ failure (MOF) is the main cause of death 6, 7 . Heterogeneous traumatic stimuli may progress to a state of systemic inflammatory response (SIRS-Systemic Inflammatory Response Syndrome). The diagnosis of SIRS can be made on a clinical basis using established clinical parameters 8 . The initial inflammatory response to injury is presumed to be beneficial for restoring the patient's homeostasis. However, if it is either exaggerated or perpetuated, the patient may enter a state of malignant systemic inflammation that may progress to MOF 9 . The activation of the cytokine cascade after a trauma has been amply studied. The role of some cytokines such as the tumoral necrosis factor alpha (TNF-α), and interleukines 1 (IL-1) and 6 (IL-6) after an insult is wellestablished [10] [11] [12] . Serum IL-6 is a good marker to predict the clinical evolution and the outcome of a patient with major trauma. High levels of IL-6 after trauma correlate with increasing incidence of complications [13] [14] [15] . IL-6 is the main regulating factor for the liver production of acute phase proteins including C-reactive protein (CRP). Although CRP serum levels seem to have direct correlation with acute inflammation [16] [17] [18] , it has not been studied in experimental models of ischemia/reperfusion injury. The inflammatory response in AAA repair is peculiar when compared to other major surgical procedures due to the ischemia of region located under the aortic clamping. In accordance, a generalized and potentially deleterious systemic inflammatory response is well documented in patients submitted to AAA repair 10, 11 . The exact origin of the inflammatory mediators during AAA repair remains obscure despite the fact that both the inferior limbs and the intestinal tract are the tissues most subject to the ischemia/reperfusion injuries due to the aortic clamping [19] [20] [21] . We speculate that the intestinal tract may contribute to systemic inflammatory response during AAA repair. During operation, intestinal manipulation, hypothermia, mesenteric traction, and direct intestinal ischaemia might play a role in the production of inflammatory mediators. Moreover, bacterial translocation has been pointed out as a contributing cause of MOF after AAA repair [22] [23] [24] [25] [26] . In this context however, various questions remain unanswered. Thus, it would be plausible to investigate which region or organ is responsible for the initiation and/or perpetuation of SIRS in the AAA surgical repair. Would it be the inferior limbs, the splanchnic region or both? Is the production of inflammatory mediators by the splanchnic region predominant over mediators arising from inferior limbs? Based on these questions we aimed at investigating the source of inflammatory mediators in an experimental model of ischemia/reperfusion injury similar to the AAA repair. A second objective was to compare the effect of ischemia and ischemia associated with reperfusion on both the production of inflammatory mediators and gut mucosal.
Methods

Animals
Twenty-four male Wistar rats (280-320 g) obtained from the biotery of the Federal University of Mato Grosso entered the study. They were kept in metabolic cages at the laboratory environment in 12-h light/dark cycles at a mean temperature of 75.2°F (24°C) one day prior to the beginning of the experiment. They had free access to tap water and standard rat chow ad libitum. The experiment followed the guidelines and ethical rules of the Brazilian College for Animal Experimentation (COBEA) adopted by the laboratory. The study was divided in Experiment I and Experiment II with 24 animals each.
Cytokine response after ischemia/reperfusion injury.
Twenty-four animals were randomized into three groups: control (n=8), ischemia (n=8) and ischemia/ reperfusion (n=8). After 12 hours fasting, the animals were weighted and submitted to inhalatory general anesthesia with ether followed by 4 cm median laparotomy. All animals received subcutaneous injection of sterile 0.9% saline (3mL/kg/h) as intra-operative hydration. At the end of the procedure, all animals were killed with an overdose of inhalatory ether. Immediately after the laparotomy, we took blood samples from the posterior cava vein, portal vein, and directly from the cardiac cavity in animals of the control group. In the other two groups, the abdominal aorta distal to the renal arteries (and consequently distal to the superior mesenteric artery and celiac, artery which irrigate the gut) was dissected and then occluded with a Bulldog clamp. At the same time, we induced bilateral hind limb ischemia by applying latex rubber band tourniquets around both thighs. Blood samples were collected in the same three sites as described for control group after either 2 h of ischemia (ischemia group) or 2 h of ischemia and 2 h of reperfusion (ischemia-reperfusion group). Blood samples were centrifuged and the serum frozen at 68° F (-20° C) and finally assayed for IL-6 and CRP.
Serum IL-6 IL-6 was quantified using ELISA "solid phase sandwich" kit (Biosource International Inc., Camarillo -CA, USA), following the protocol provided by the manufacturer. Briefly, the supplied plate had a specific antibody against rat IL-6. The examined serum sample in contact with the plate formed the antigen-antibody complex. The enzyme Streptavidin-Peroxidase joined this complex. Finally, a color substratum was added in order to link to the enzyme. The color intensity of this product which is directly proportional to the concentration of IL-6 in the original sample was read by a spectrophotometer (450 nm). The result was expressed in pg/mL.
Serum C-reactive protein
The imunoturbidimetric method with latex was used for a quantitative dosage of the CRP. CRP from the sample (linked the latex particles) was covered with anti-CRP antibodies. The turbidity caused by the coalescence of latex particles which is proportional to the concentration of CRP in the sample was measured by a spectrophotometer (600nm). The procedure was done in an automated device (model BT 3000 plus, Wiener lab. 2000 Rosário -Argentina) using the Linea turbitest AA PCR látex kit from the same above manufacturer. The result was expressed in pg/mL.
Statistical analysis
Both serum CRP and IL-6 values were treated by the repeated measures ANOVA to compare the site of collection (within-subject analysis) and groups (betweensubject analysis. When a significant difference was observed, either the Tukey's test (to compare groups) or the Wilcoxon test (to compare sites) was used. One-way ANOVA was used to compare body weight.. The level of statistical significance was established at 5% (pd"0,05). Results expressed as either mean ± standard deviation [range] or median (range), as appropriated. In figures, error bars represent the standard error mean (SEM). Analysis done by the statistical package SPSS for Windows 8.0.
Results
Weight
Body weight of the animals of the three groups was statistically similar (control group = 304 ± 17 [290-330]g; ischemia group = 306 ± 10 [295-320]g; group ischemia/ reperfusion = 310 ± 13 [295-330] g; p=0.46).
Influence of ischemia and reperfusion
Serum IL-6 was higher after both ischemia/ reperfusion (267±29 [206. 5- 
Influence of the site of blood collection
The findings of serum IL-6 levels according to the collection site can be seen in figure 2 . The data showed that IL-6 levels were influenced by the collection site (p < 0.01) and this finding occurred similarly in all groups (p=0.43). Serum IL-6 in samples collected at the heart cavity (223.6±197.9 [10-832] pg/mL,) was higher than both portal (133.08±108.52 pg/mL, p<0.01) and posterior cava veins (127.58±109.15 pg/mL; p=0.01). Serum IL-6 at posterior cava vein was similar to portal vein. Serum CRP however did not vary according to the collection site (p=0.90). Results are showed in figure 2.
Discussion
The findings in the present study suggest that the inflammatory response mediated by IL-6 in this animal model of aortic clamping and hind limbs ischemia arise from both the splanchnic region and the hind limbs. The high levels of serum IL-6 observed at both portal and posterior cava veins in animals underwent either ischemia or ischemia/reperfusion are in line with this assumption. IL-6 levels at the heart cavity were higher than the observed in the other two sites. This seems plausible since it would reflect the sum of this cytokine emerging from both splanchnic and hind limbs territories. Ischemic lower limbs have are presumed to be the source of inflammatory mediators in ischemia/reperfusion injury after aortic clamping. In fact, serum IL-6 significantly augments at the femoral vein than at the systemic circulation in patients during AAA repair 19 . Patients subjected to open AAA surgical repair have endothelial activation and accumulation of activated neutrophils in muscles as a result of ischemia/reperfusion injury 27, 28 . This evidence suggests that the inferior members are the source of inflammation in ischemia/reperfusion injury. In accordance, our results showed an increase of IL-6 at the posterior cava vein. The initiation of inflammation at the lower extremities may damage the gut. Experimental studies in rats suggest that isolated ischemia of the hind limbs increases intestinal permeability 29, 30 , promotes endotoxemy 31 , decreases the splanchnic blood flow 32 , leads to oxidative stress 33 , and generates gut morphological change 30 . Bacterial translocation may occur due to this indirect injury through the ileal mucosal barrier 30 . Even though there is no evidence that bacterial translocation occurs clinically on a significant scale, endotoxemy has been demonstrated both in experimental and clinical studies in open AAA repair 29, 30, 31 . Splanchnic region may contribute with inflammatory mediators in AAA repair. High levels of IL-6 and low levels of endotoxin have been reported in mesenteric stream during open AAA repair 34 . High levels of endotoxin can be found after intestinal manipulation even before aortic clamping 22 . During aortic surgery, levels of both TNF alpha and endotoxins in the portal vein are higher when compared to systemic blood samples 26 . Our findings support the evidence that ischemia/reperfusion injury of the limbs may affect the gut and the splanchnic region. We found an increase in IL-6 levels at the portal. Moreover, manipulation of the bowel, mesenteric traction and cooling, direct ischemia caused by vascular clamping, and definitive interruption of the inferior mesenteric and iliac arteries may directly damage the gut [22] [23] [24] [25] [26] . In accordance, neutrophil activation, systemic inflammatory response and organ dysfunction are increased in elective AAA repair when transperitoneal is compared with extraperitoneal approach 36 . Although some authors suggest that the intestinal tract would be an important source of inflammation during AAA repair 26, 36, 37 one clinical study did not find differences in both IL-6 and IL-10 levels when femoral vein samples were compared to systemic blood samples in patients submitted to AAA open repair 21 . In contrast, our experiment showed that IL-6 levels found in the posterior cava vein were similar to those found in portal vein and both were lower than in samples collected at the heart (systemic blood). Thus, our findings suggest that the source of the inflammatory process in this model are part from direct ischemia of hind limbs (posterior cava) and part from the splanchnic region (portal vein) which was not directly influenced by the ischaemia and reperfusion injury. Serum CRP levels did not differ among the three groups. IL-6 is the main regulator of the production of acute phase proteins such as CRP during inflammatory response. CRP plays an important role in the opsonization [16] [17] [18] . We speculate that in this model the similar levels of CRP found in the three groups reflected the time points of the study. Samples were collected earlier and thus, it is plausible to assume that if the animals were kept alive for another few hours the increase of CRP could become evident. The overall results showed that the inflammatory process in this model of aorta clamping and hind limbs ischemia is originated both at the splanchnic region and ischemic hind limbs. The magnitude of this reaction according to the elevation of IL-6 seems to be similar in both regions. This is relevant and suggests that the intestine is an important motor of SIRS even though the main target of the ischemia/reperfusion injury was distant. In this model of ischemia/reperfusion injury we were not able to ascertain the trigger for the intestinal tract production of IL-6. Thus, further studies are necessary. In conclusion, abdominal aortic clamping distal to the renal arteries in association with ischemia of hind limbs causes enhanced systemic inflammatory response that is partly initiated at the splanchnic region that contribute similarly to the ischemic hind limbs for the strength of the inflammatory response. Data express the mean and the SEM*, p<0.01 versus both portal and posterior cava vein.
